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covering, but similar environment aa regards soii and The above data, of course, re resent average values, 
moisture. 

ing clear weather naturally, when critical temperatures 
j station- are most likely, that the advantage of bare soil over 

dense growth is most apparent in the result.ing tempera- i No.1. 1 No.?. ture conditions. In  several instances during the cran- 
;-'- berry marsh research the m&uima in dense vegetation 
I ' F. I LF6 under the most favorable conditions exceeded that over 

morning in the rank growth being from 5' to 8' lower. 

including cloudy weather aa we1 IP as clear, but it is dur- 

Amrage msdmum temperature at surface in open.. ............. .I 
Excass at No. a... ................................................ 
Excess at No. 1. 
Average minimum temperature at surface in open. 

IE). 1 I 
7.5 

' 46.1 
bare soil by from 10' to 15O, the minima the following ............... I""'%$ ........ ................................................... 

S t a t i m  No. 1.-Peat soil with sanded surface; vegetation thin. 
Stat im No. %-Peat soil with sanded surlace; vegetation heavy. 

PREDICTINQ MINIMUM TEMPERATURES IN THE VICINITY OF WALLA WALLA, WASH. 

By CHARLEE C. GARRETT, Meteorologist. 

[Weather Bureau, Walla Walla, Wash., August 14, 192.1 

Beginning with the spring frost season of 1915, a 
localized frost-warning service has been maintained at 
the Weather Bureau office at  Walla Walla, Wa.sh., for 
the benefit of orchardists and truck gardeners in va.rious 
districks of southeastern Washington and nort,lieast.ern 
Oregon. At one time the district included orchard sec- 
tions as far away as the Umatilla irri ation project, near 
the junction of the Umatilla and 8olumhia Riveis in 
Ore on, and the White Bluffs project, on the west bank 
of t%e Columbia north of the mouth of the Snake River, 
but the area has been diminished considerably in the last 
two or three seasons. 
As is the case in all of the commercial fruit-growing 

regions, the extent of orchard-heatin opera.tions for the 

bcs economic conditions, and interest in t.he matt.er 
increases and diminishes following seasons with greater 
or less frost damage. 

eyuipmen t ant1 

the containers add materially to the running espenses of 
an orchard. If the prices received by the wowel's for 
their products are low, many do not consider b a t  it pays 
to o to the extra expense of equi ping. t)Iieir orchards 

region similar to t e Walla Walla Valley, which is usually 
In  the last two or 

&ree seasons heating has been confined mostly to rune 

effort is now made to heat the large commercial apple 
orchards anywhere in the district. The uestion as to 

carried on, is not now often raised in this district, 2i.s it has 
been quite conclusively demonstrated by a nunher of 

rominent orchardists that tmhe tem erat,ure within n 

on the outside. The only question is that of the clesira- 
bility of oing to the extra trouble and expense. 

Even t f ough the number of orchardists in t,he W a h  
Walla district who are prepared to smudge or heat their 
orchards is relatively small, a considerable demand esist.s 
each season for accurate forecasts of minimum temper- 
atures on critical nights for the fruit. A forecast merely 
of light, heavy, or killing frost, while of value, is not 
sdlicient. 

In addition to a careful study of the morning and 
eveming weather charts, the methods of forecasting 
minimum temperatures are based primarily on readings 
of a maximum thermometer and readings of dry and wet 
bulb thermometers taken, preferably, in the early even- 
ing. The instruments should be exposed in a ground 

ur ose of combating frost is large P y dependent upon 

the cost of fuel-oil and estra labor of fi fl ing a.nd lighting 

wit frost-fightin devices. Particu r arly is this true in ti % 

and a few peach and cherry orchards. Pract.ica1 P y no 

the effectiveness of orchard heating, w yn en properly 

geated orchard can be raised several a egrees above that. 

The cost of installing orc.hard-hettt.in 

f 
uite free from severe frost damage. 

shelter under conditions ap roaching as closely as possi- 

Studies of different methods have been made b a 
number of investigators, and explanations publishe B in 
various numbers of the MONTHLY WEATHER REVIEW-,' 
and in MONTHLY WEATHER REVIEW SUPPLEMENT No. 16. 

( Meefh,od -4) De ~~~oin.t-re~~:ntive-hzcmid,ily ch&R.-This 
method is based on the well-known relationship between 
evening hygromet.ric data and ensuing morning minimum 
temperature. On a coin urntively calm, clear night a 

one to approsimate t.he minimum temperature of the 
following morning provided the relat,ive humidity is taken 
into consideration along with t.he dew oint.. The depres- 
sion of tlie iiiininiuin temperature %elow the evening 
dewpoint is great,er when t,he inoisture content. of the 
air is low than in the case where there is R greater supply 
of moisture. If the relative humidity is comparatively 
low the clew oint will be reached later in the night, if 
reached at al!, t,lian if the relative humidity is high. To 
best utilize the observations of dewpoint and relative 
humidity in t.he practical work of forecasting minimum 
temperatures it has been found convenient to chart the 
ohservaDiqps on c.ross-section paper. The relative hu- 
midity data are indicated at  the bottom of the chart, 
while figures at the left indicate the differences between 
t,he clewpoint at  the evenino observation and the mini- 
mum temperature of the foflowing .mornin A dot is 

relative humidity and the variation of the minimum from 
the dew oint temperature. 

Dot &arts have been prepared at  the Walla Walla 
station, one for the first and one for the last half of the 
s ring-frost season. Data for all the clear and mostly 
c r ear nights for sereral seasons were used-a period long 
enough to afford a fair test of the practical value of the 
method. On the Walla W d a  charts the dots arranged 
themselves in the form of a arabolic curve. The curve 

"star point method. A full explanation of the process 
em loyed for calculating the curve is given by Prof. 
J. barren Smith in MONTHLY WEATHER REVIEW SUP- 
PLEMENT No. 16. Where man observations are avail- 

fit may be drawn wit,h fair1 good results free-hand 

By the use of the chart.s the forecaster, knowing-the 
evening relative huniiclity and dewpoint at  his station, 
can arrive at  a close est.iniate of the probable minimum 
temperature at  the "key station', on the following 

hle those esisting in the orc \ ards. 

knowledge of bhe value o F the evening dewpoint enables 

entered on t,he diagram to agree with t %- e observed 

of nearest fit throuEh the t; ots was calculated by the 

able for making the dot cliarts t { e line or curve of nearest 

instead of making use of a mat i ematical calculation. 

__ __ ____ - - - - _ _  
IMo. WEATHER RE\'., October, 1914; .\ugust, 1917; May, 1918. 
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morning. "he charta me of value only on comparatively 
clear nights, when nocturnal radmtion is most1 uninter- 

near the normd time of minimum temperature, serve to 
check the temperature drop, resultin in a higher mini- 

been dear throughout. However, errors in the fore- 
cast due to these causes are on the safe side; that is, the 
minimum that is reached is higher than the predicted 
minimum. Errors on the unmfe side (minimum lower 
than predicted) would result from the irnportat.ion dur- 
in the night of colder air from outlying regions. In the 
W%a Walla district, and other orchards west of the 
Rockies, fo.rtunately, such a condition occurs very rarely 
in the s n n  . A close study of the evening weather 

(See MONTHLY WEATHER REVIEW SUPPLEMENT No. 16.) 
( Method B.) Relation between maximwn and minimirm. 

temperatures.-A diagram showing the relabion be tween 
the maximum temperature of the day and the minimum 
temperature of the following morning has also been pre- 

med at  Wdla Walla, t,he dat.a employed being t,liose 
k r  the same nights used in preparing t.he hvgromet,ric 
charts. On the masimum-minimum chart t.he d0t.s fit. 
quite closely along a straight line. The rnininiuni 
temperature estimated from the diagrani has fairly 
closely a prosimat.yl !he aciual niinimuni recorded on 

in % icated by the dewpoint-relat,i\Te-lmmidit,y chart and 
the maximum-minimum chart gives very sat.isfactoiy 
results if clear weather prevails. 

(Nethod C.) Su.btracf.ing a, consta.,rt from the P a e n b p  
u!et-bu.lb temperature.-1nvest.igat.ions carried on by the 
Swedish meteorologist Aiiders Angst rijnia resultzed in his 
finding that the minimum temperature could bo closely 
est,imated by subtracting a constant from the evening 
wet-bulb tem erat,ure, best result,s being obt.aiiied 

set. Following out this suggestion, t.lw present, writ.er 
has calculated the average variation at Wall& Walla 
for 121 ni hts in the six seasons 1917 to 1022, inclusive, 
and foun d it to be 10.5' for the first part of the season, 
March 15 to A ril 15, and 11' for the last part, April lfj 
to Ma7 31. {he greatest difference beheen wet-bulb 
and minimum was 16', and t,he least 6'. By subtracting 
the constant of 11 ' for the 121 night.s t,he niininium would 
have been predicted within 3', or less than SG p r  cent 
of the time. A comparison of the predicted minimums 
obtained by use of the hygrometnc chart,s and those 
obtained by subtracting t,he constant from .the evening 
wet-bulb temperature shows that the indicated mini- 
mums were nearly t.he same-in every case. The Ang- 
strom method is certainly a simple and easily arrived at. 
one of deciding on the robable minimum tenipeTature 

(Method D.) Predictmg the ininimurn temperahre rom tAe 

rupted. Clouds and wind, especially when t K ey occur 

mum than would have been reache d if the night had 

map is t R H  e orecaster's recourse under such conditions. 

ni hts o P good radiation. An arerage of the niininia 

when the wet- g ulb thermonieter was read at  about sun- 

from wet-bulb readine a P one on nights of good radiat,ion. 

median temperature how.-An additional aid to t i e fore- 

* Andershgstr6m: Studies of the Froet Problem, 1. Beopmfiska dnnalrr, 1920. H. 1. 

caster is what is termed the median temperature method. 
By the median t.emperature is meant the halfway teniper- 
ature between the afternoon maximum and the ensu- 
ing morning minimum. On nights of good radiation, 
when meteorological factors other than the normal 
nocturnal fall are not involved, the median temperature 
falls a t  nearly the same time in the evening, except that 
the time becomes later as the season advances. It htis 
been found at  Walla Walla that the average time is about 
7:40 p. ni. for the last half of March, 7:55 p. m. for the 
first half of April, 8:05 . m. for the lust half of April, 

the last half of May. By noting at  the proper time the 
number of degrees fall from maximum teni erature that 
has taken place, and subtracting that vaue P from the 
current t.emperat.ure, a figure that will agree fairly 
closely with the next morning's minimum will be ob- 
tained. The mediau time method, obviously, can be 
used only for lRte evening warnings. (See MONTHLY 
WEATHER REVIEW, October, 1914, 

The working method at, the W d  a Wa.lla station has 
been to average t,he minimum temperatures that have 
been estimated by the various methods, takin into con- 

ba.ronietric and weather condlt.ions as shown by the p. m. 
weather chart. Of course, blind reliance must not- be 
placed on any formula or set of rules for predicting mini- 
mum temperatures, but. the experience of those-who have 
studied the relationsliip of evening hygrometric data. to 
inoining niinimun? fempera.tures, as well as the relation 
of masinium to niininiuni, and applied the result of their 
studies to t.he prnctical work of forecasting, taking into 
acc.ount other fn.c.t.ors in their proper relation, has resulted 
in renewed confidence in their ability to forecast closely 
tlie minimum bcrnpera tures on criticnl nights for fnii t 
and vegetable growers. 

In i-t clist.ric t where teniperature conditions. may vary 
considera.bly in the different local areas the aid ot coop- 
ernt,ivr observers is necr.ssarg for best results. Where it 
is not, easy to obtain unifoiiiily reliable readings of the 
wet and dry lmlh t!ierninniet,ers, due to inexperience or 
lack of available time on the art of the coopeTative 

tween the outlying districts and a cTntra1 "key" station 
can be had through comparative readings of self-recording 
niinimum thermometers, or records of thermographs, 
covering a period of .several seasons. 

In the accom tlnying table appetr the results of using 
the various niet ods descnbed in this pa er, for a number 
of typical radiation nights during the our seasons 1919 
to 1923. inclusive. The dat,es selected were all those after 
March 15, when heavy to killin host. occurred at  Wdla 
Walla. The table shows, in a d dition to the results ob- 
tnined by the application of eac.h method, the estimated 
minimum obtained by averaging those estimated by all 
the methods. 

8:15 p. m. for the first R alf of May, and 8:25 p. m. for 

P' 581J 

sideration t.he observed local. conditions and t a e general 

observer, a knoivledgc: of tlie t 7l ernial relationshlp be- 

P R 
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Data. 

1919. 
Mar. B... .......... 

31.. ........... 
E.. ........... 
H.. ........... 
25.. ........... ae.. ........... 

Apr. 12 ............. 
15.. ........... 

l ay .  4 ............. 
1920. 

Mar. 17 ............. 
1821. 

Mar. 27 ............. 
30.. ........... 
31 ............. 

Apr. 4 ............. 
7.. ........... , s  ............. 
g.. ........... 

lgaa. 

A m .  12 ............. 
xuy 9 .............. 
MEr. % ............. 

34 
31 
29 

3 

25 
31 

30 

21 

2s 
30 
11 

22 
2 i  
30 
81 

g 

%!%Si- 
mum- 
mini- 
mum 
nethoc! 

31 
34 
33 
35 
2s 
32 

30 
33 

31 

25 

sn 
57 
35 

31 
33 
a7 

....... 

Con- 
stant 
suh- 

tr31 tfld 
from 

ret-boll 
:emiwr- 
aturc. 

21 
3? 
33 
32 
27 
31 

30 
30 

31 

25 

25 
Bf, v- 

26 
2% 
29 
34 

27 
26 2.; 

*- 
c w k  I 
mini- 
mum. 

DirTrr- 
('UCC. 

+! 
0 

-1  

-2 
+1 

+I  

-1  

[I 

+; 
-i, 

- 2  
-1 

11 

-_ 
-3 

11 
+? 

-2 
-3 

I I  

- .- 

T H E  TEMPERATURE A T  PORT0 VELHO, AMAZONAS, 
BRAZl L. 

BY .4LFRRD J .  HEX!(>.. 

Through the courtouy of Dr. Frrdwick L. Ho.flinltn, 
statistician, Prudentid Insurance CI,. . t,he Weatther 
Bureau has been supplied with almost 13: years of rlinia- 
tological observat.ionx m d e  by t,he E!~gincc.riiig Depnrt- 
ment of the Madeira-Mlxmore Railway at  it3 east.c.rn 
terminal, Porto Velho, on Mndeira River just above thc, 
point where navigation on that rivor is intnrnipted by 
ra ids and falls. 

h e  monthly totals of rainfall will npyear in an early 
number of this REVIEW. 

"he temperature observations were made a t  the hours 
6:30 and 11:OO a. m. and 3:OO and 6:30 p. m. esccpt that 
the last-named hour was changed to 5 3 0  hc.ginniiig with 
June,. 1917. No one of these hours alone, or ally com- 
bination of them which might be made, would yield 
results that would closely approximate t91ie inean temper- 
ature of the 24 hours, hence the means for e ~ c h  sc?parat,e 
hour have been computed and are presented in Table 1. 
These data give a close approximation to the daily ranme 
in temperature for each month of tlie year. It may ge 
seen b simple inspection that the mean temperature 
rises azout 10' daily from 6:30 a. m. to 3:OO p. ni. dar- 
ing the wet season, whic.h extends from November to 
Mag, and as much as 15', oil the average, in trim winter 
or dry season. Since the occurrence or ~ionoccurre:ice 
of showers in the afternoon would have an important 

influence on the afternoon maximum, it ;S inferred that 
relatively dry months in the wet season would be favor- 
able to hi h temperature. 

ing hours was 104' F. in October, 1914. !l!emperatures of 
100' F. were also recorded in August and October, 1916, 
and in September, 1917. September is the month of 
greatest nitmima and February tlie least. 

The lowest temperature recorded during the period of 
observations was 56' F. in June, 1916,. at 6:30 a. m. I 
have com iled from the daily observations the observed 

The meam given a t  the bottom of this table may he 
considered LS approsimate means of the monthly ex- 
tremes from which may be obtained the average monthly 
rauge of temperature. An inspection of these mean 
resu1t.s shows thnt the range is greatest in the winter 
months of June-August mid least lu tslie summer months 
of JQuu:'r!.-Fel>l.uury. 

I t  is interesting to note that Porto Velho temperabtures 
were a t  n masimuni in 1914-15, and at a miiiimum in 
1916-17, :is noted for Broquipn.' 
T.wm 1 .--Xonthly m e m  tempernticre at Porlo T;.Zho, Bralil, for thc 

holm ?mnrd, Jnnwzry, 1903, to Noivniber, 19?1. 

The big % est temperature recorded at anv of the observ- 

cstrcmes 9 or each nloilth and present them in Table 2. 

~ A p ~ i r o s h a t e  Intitiide ho U' S., loogitade 84" CIOW. Elevation, -.I 
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